Abstract Incidence estimates for pituitary adenomas vary widely, suggesting the effects of numerous risk factors or varying levels of tumor surveillance. We studied the epidemiology of pituitary adenomas using 2004-2007 data collected by 17 Surveillance, Epidemiology, and End Results Programs in the United States (N = 8,276). We observed that incidence rates generally increased with age and were higher in females in early life and higher in males in later life. Males are diagnosed with larger tumors on average than females. Diagnosis may be delayed for males, giving tumors a chance to grow larger before clinical detection. We also observed that American Blacks have higher incidence rates for pituitary adenomas compared with other ethnic groups. There are several potential explanations for this finding with some evidence that at least part of the effect may be due to differential diagnosis between races.
Introduction
Pituitary adenomas are usually benign and indolent. While some lead to hormone hypersecretion, hypopituitarism, and neurologic dysfunction, many do not cause symptoms and remain undetected. Indeed, autopsy and radiographic data indicate that these tumors are actually relatively common with overall prevalence rates varying from 10 to 22% [1, 2] (although such studies are certainly subject to selective factors). The wide range of incidence rates across individual studies [3] , suggests that numerous risk factors may be responsible or that varying levels of tumor surveillance are operative. It is well established that pituitary adenomas arise from clonal expansion of mutated somatic cells but the causative mechanism involved in tumorigenesis remains to be established. Some specific genes appear to predispose to pituitary tumor formation while oncogenes do not play a role in pituitary tumor formation [4] .
Hemminki et al. [5] found an interaction between sex and age for incidence of pituitary adenoma. Female incidence rates were higher than males up to about 30 years of age when the pattern was reversed. This has been attributed to earlier and more noticeable symptoms of associated hyperprolactinemia in females [6] (e.g., amenorrhea and galactorrhea). The most prominent symptom of hyperprolactinemia in males is decreased libido, which is not as easily diagnosed [7] .
Interesting findings with regard to race have also been reported. Heshmat et al. [8] , found that pituitary adenoma incidence rates for black women were about three times as high as they were for white women (age-adjusted incidence rates of .76 and .22 per 100,000, respectively); incidence rates for black men were about four times as high as they were for white men (age-adjusted incidence rates of 1.02 and 0.23 per 100,000, respectively). This was based on histologically-confirmed tumor data collected on residents of the Washington, D.C., metropolitan area from 1960 to 1969. Fan et al. [9] obtained corresponding results with a set of cases that were diagnosed with CNS tumors by the Armed Forces Institute of Pathology between 1958 and 1970. For Blacks, 19% of these tumors were pituitary adenomas compared to only 8% for Whites.
There has been only one population-based study of pituitary adenomas in the United States, and that was published over 30 years ago [8] . The current study examines demographic differences in pituitary adenomas using data collected by the Surveillance Epidemiology and End Results (SEER) Program across the United States. The 17 SEER registries that currently compose this program cover approximately 26% of the US population [10] and reflect the geographical distribution of cancer across the country. The SEER programs collect a wide range of data on demographic, diagnostic, and clinical variables, and they began monitoring for benign brain tumors with 2004 diagnoses. With four years of data now available, this resource now provides an excellent opportunity to study demographic differences in incidence for benign pituitary adenoma.
Methods
This study used data from the November, 2009, submissions from all 17 SEER registries that were incorporated into the SEER*Stat database, Version 6.6.2 [11] . This includes benign brain tumor diagnoses made from 2004 to 2007. In this study, anatomic sites were restricted to the pituitary gland (ICD-O-3 Code C75.1) [12] and histology was restricted to benign adenomas (M8140-M8384; see Table 1 ). A total of 8,276 cases met these inclusion criteria, and 8,118 of these cases had known sex and race values. Of these 8,118 cases, almost 99% (8,004) were isolated tumors; no other reportable tumors were present.
Exploratory analyses were also performed on cases of benign cerebral meningiomas that were diagnosed during the same time period. The purpose was to contrast the occurrence rates with those for pituitary tumors to possibly gain some insight into diagnostic practices. The SEER*Stat database yielded 15,529 cases with ICD-O-3 Code C70.0 and histology restricted to benign cases coded M9530-M9539.
Frequencies and incidence rates (with confidence intervals) for all tumors were computed using the SEER*Stat application. Incidence rates were age-adjusted to the 2000 United States Census. Confidence intervals were calculated using the modification described by Tiwari, Clegg, and Zou [13] . Other descriptive values and inferential tests were computed using SAS 9.2 [14] .
Poisson regression was performed on frequency data using age, race, and sex as categorical predictors. Population data from the 2000 US census was used as an offset.
The SEER*Stat database documents several different methods of cancer diagnosis. For pituitary adenomas, 98% of cases were diagnosed either microscopically or through radiography, so analyses on methods of diagnosis were restricted to cases diagnosed with only those two methods.
Linear regression was performed on case-level tumor size data using age, race, and sex as categorical predictors. Because tumor size data are skewed, the regression was performed on log-transformed data, and medians and interquartile ranges (IQR) were used as summary statistics.
The SEER*Stat database includes information on whether primary site surgery was performed as part of the first course of therapy. If no surgery was performed, the reason for that is also recorded. We examined racial differences across this variable by collapsing surgery status into four categories: surgery performed, surgery not recommended, surgery recommended but not performed, and unknown if surgery was performed. (A fifth category, ''patient died prior to recommended surgery'', was coded for only two cases and was not included in the analyses.) Because these data come from a de-identified, publically-available dataset, IRB approval was not required.
Results
Incidence rates by age, race, and sex Of the 8,276 benign cases diagnosed in the study interval, the vast majority (95%) were coded as either Pituitary Adenoma, NOS (M8272; N = 7,211) or Adenoma, NOS (M8140; N = 660). See Table 1 for counts of all histological subtypes.
Age-adjusted incidence rates (and 95% confidence intervals) for 2004, 2005, 2006 , and 2007 were 2.6 (2.5-2.7), 2.8 (2.7-2.9), 2.7 (2.6-2.9), and 2.7 (2.6-2.8) cases per 100,000, respectively. The overall incidence rates across all four years was 2.7 (2.7-2.8) cases per 100,000. Incidence data are presented by age and race in Fig. 1a . Main effects were observed for age (incidence rates increasing with age with a possible decline in later life) and race, both P \ .0001. Age-adjusted incidence rates (with 95% confidence intervals) for American Indians/Alaskan Natives, Asians/Pacific Islanders, Blacks, and Whites were 1.9 (1.5-2.4), 2.3 (2.1-2.5), 4.4 (4.2-4.7), and 2.5 (2.5-2.6) per 100,000, respectively.
Pairwise comparisons were performed on the racial groups: Blacks had significantly higher incidence rates than Asians/Pacific Islanders, American Indians/Alaska Natives, and Whites, all P \ .0001. There were no significant differences between American Indians/Alaska Natives and Asians/Pacific Islanders, P = .628, between Whites and American Indians/Alaska Natives, P = .268, or between Whites and Asians/Pacific Islanders, P = .098.
There was no significant main effect for sex, P = .154, but the age by sex interaction was significant, P \ .0001; incidence rates were higher in females during early life and higher in males in later life (Fig. 2) .
Method of tumor diagnosis
A chi-square test for independence revealed a significant relationship between race and method of diagnosis, P \ .0001. Proportion of cases that were microscopically confirmed (with 95% CI) for Asians/Pacific Islanders, Whites, Blacks, and American Indians/Alaskan Natives were 74% (71-77%), 67% (66-69%), 59% (56-62%), 45% (34-57%), respectively.
To ensure that differences in method of diagnosis were not completely responsible for the observed ethnic effects for incidence, Poisson regression was performed again on the frequency data only for cases that were microscopically confirmed (Fig. 1b) . As before, significant main effects were observed for age and race, both P \ .0001, but not for sex, P = .517, and the age by sex interaction was significant, P \ .0001.
Tumor size
Of the 8,118 cases, 2,476 (31%) were discarded for analyses of tumor size. Of these, 2,430 had no size measurement recorded, 26 did not have precise measurements recorded, and 20 were clearly miscoded. Across the racial groups, 64% of American Indians/Alaskan Natives, 72% of Asian/Pacific Islanders, 65% of the Blacks, and 70% of the Whites in this database had valid tumor size data.
The median tumor sizes for males and females were 23 mm (IQR = 15) and 15 mm (IQR = 18), respectively, P \ .0001. The main effect for age was significant, P \ .0001, and the age by sex interaction was also significant, P \ .0001: Tumor size increased with age at diagnosis with a larger sex difference in early life (Fig. 3) . The main effect for race was significant (P \ .0001), and the median sizes for American Indians/Alaskan Natives, Asian/Pacific Islanders, Blacks and Whites were 6 mm (IQR = 14. Primary site surgery A race effect was also observed for receipt of surgery (Table 2) . Asians/Pacific Islanders were most likely to have surgery, followed in order by Whites, Blacks, and American Indians/Alaskan Natives.
Benign cerebral meningiomas: exploratory analyses for comparison
In order to explore the possibility that the higher rates of pituitary adenomas seen in Blacks is potentially related to incidental imaging procedures, we examined rates for benign cerebral meningiomas. Poisson regression indicated a main effect on incidence rates for race, P \ .0001 (Fig. 4) . All six pairwise comparisons for the four racial groups were significantly different, all P \ .0001. As with pituitary adenomas, Blacks had the highest incidence rates followed in order by Whites, Asian/Pacific Islanders, and Native American/Alaskan Natives. There were also main effects for age (incidence rates increasing with age), P \ .0001. In contrast, there was a main effect for sex, P \ .0001, with higher incidence rates for females. The age by sex interaction was also significant, P \ .0001.
In this case, however, the interaction took the form of a greater sex difference as age increased; there was not a cross-over interaction as for pituitary tumors. 
Discussion
We used a comprehensive, population-based resource to examine demographic differences in incidence rates for pituitary adenomas. To our knowledge, this is the first time that the SEER database has been used to examine the demography of pituitary adenomas in the United States.
Differences by age and sex
We observed that pituitary adenoma incidence rates generally increased with age, at least until 80 years of age. However, female rates were higher among younger persons and male rates were higher among older persons. Similar findings were reported by Hemminki et al. using data from the Swedish Cancer Registry [5] . We also showed that males are diagnosed with larger tumors on average than females. This corresponds to findings from Nabarro who found that males were more likely to present with large pituitary tumors and women were more likely to present with small tumors [15] . This is consistent with the observation that diagnosis of pituitary tumors (prolactinomas in particular) may be delayed for males [7] , giving the tumors a chance to grow larger before clinical detection. Furthermore, we demonstrated that the sex difference in tumor size is magnified in early life. This is probably because the more clinically severe cases (with larger tumor size) in males are likely to be the ones that are detected. Indeed, Nabarro observed that men were more likely to present with symptoms like visual disturbances, seizures, and other American Indian/Alaska Native Fig. 4 Incidence rates for benign cerebral meningiomas by age and race, 17 SEER registries, 2004 17 SEER registries, -2007 neurological symptoms; women were more likely to present with disturbances in sexual functioning.
Racial differences
We observed that American Blacks have higher incidence rates for pituitary adenomas compared with other ethnic groups. The higher incidence rates for Blacks suggest that similar findings from data collected from the late 1950s through 1970 [8, 9] do not necessarily reflect a mere cohort effect. This is a robust finding that has lasted across decades and geography. What is causing these higher incidence rates, however, is not clear. One possible explanation is that the racial differences in incidence rates are naturally occurring. The study of Heshmat et al. [8] supports this possibility with the finding that African Blacks have higher relative proportions of pituitary adenomas compared to American Whites (although still not as high as American Blacks). A second possibility is that Blacks have a different clinical presentation of pituitary adenomas and this draws attention to the condition. For example, pituitary adenomas may somehow lead to increased visual or endocrine disturbances in Blacks. Unfortunately, the SEER*Stat database does not contain information on presenting symptoms or clinical progression.
A third possibility is that the higher incidence rates can be explained as incidental findings. For example, Blacks have higher stroke rates than other racial groups [16] , and discovery of pituitary adenomas could be incidental to a corresponding higher rate of head imaging procedures. Given the much higher prevalence of pituitary adenomas identified in autopsy and radiography studies of non-clinical samples compared to the incidence rates seen in this study, one could hypothesize that imaging for other reasons could identify clinically non-significant tumors. If this is the case, we might expect to find higher incidence rates in Blacks for other benign brain tumors. Benign cerebral meningiomas appear to provide a good comparison because, like pituitary adenomas, they tend to be slowgrowing, are associated with nonspecific symptoms, and are often incidentally diagnosed [17] . Indeed, we did find higher meningioma incidence rates for Blacks using the data from the SEER programs. The similar pattern of results between two distinct kinds of benign brain tumors supports the idea that there may be a common factor correlated with race that leads to incidental detection of both tumors.
Also consistent with the possibility of incidental diagnosis is the finding that Blacks were more likely to have their adenomas diagnosed through radiography alone (i.e., without microscopic confirmation). The SEER*Stat database does not indicate the reason that radiography was performed, and it could have been performed for reasons other than for a cancer diagnosis. However, it was also observed that the majority of the tumors in Blacks were large enough to be confirmed microscopically, and the racial/ethnic differences in incidence rates remained even when analyses were restricted to those cases that were microscopically confirmed.
If tumors were more likely to be incidentally diagnosed among Blacks, we might expect to see smaller tumors for Blacks. This, however, was not the case; tumor sizes for Blacks were actually slightly larger than those in Whites. With this in mind, it is especially interesting to note that Blacks had lower rates of surgical treatment than other racial groups. If lower treatment rates for tumors leads to adverse outcomes, this may represent yet another racial/ ethnic treatment disparity [18] [19] [20] [21] .
The SEER programs have provided a rich source of data that has allowed us to document robust phenomena and explore several potential explanations. Nonetheless, these data are limited in several ways. For example, the SEER programs mainly collect information from patient medical records. Variables that are not reliably reported in medical records, therefore, will not be useful from an analytic perspective. For this study, almost a third of the cases did not have tumor size data recorded, and that data should therefore be carefully interpreted; it is very possible that the size data for smaller tumors were not available and the values presented here primarily represent a larger subset of tumors.
Similarly, to thoroughly examine some of the hypotheses for the racial effects, it would help to have data on clinical presentation, complete treatment prescription, diagnostic pathway, classification (e.g., functional status), and co-morbidity. Although this information is not collected by SEER abstractors, it may be present in the linked SEER-Medicare database. In fact, the SEER-Medicare database might prove to be exceptionally useful in clarifying these effects since it provides rich data on co-morbidities and treatments. Since the SEER-Medicare resource primarily contains information for those 65 years of age and older and the racial differences in incidence of pituitary adenoma are especially pronounced in later life, it seems uniquely suited to clarify some of the issues raised in this paper.
